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The classical Kramers problem with specular - diffuse boundary conditions of 
the kinetic theory is considered. On an example of Kramers problem the new method 
of the decision of the boundary problems of the kinetic theory is stated. The method 
allows to receive the decision with any degree of accuracy. At the basis of a method 
lays the idea of representation of a boundary condition on distribution function 
in the form of a source in the kinetic equation. By means of integrals Furier the 
kinetic equation with a source is reduced to the integral equation of Fredholm 
type of the second kind. The decision is received in the form of Neumann's series. 
PaccMaTpHBaeTCH KjiaccnuecKaa npo6jieMa KHHeTuuecKoft Teopnu - sa^aua Kpaiviep- 

ca c 3epKajibHO - /iH(p(py3HBiMH rpaHHHHbiMH yc jiobhhmh . 3a/i,aua KpaMepca - 3to 
3aflaua o HaxojK/jeHHH cpyHKUUH pacnpe,a,ejieHHH, MaccoBoii ckopocth h ckopocth 
CKOJibJKeHHH pa3pejKeHHoro ra3a b/jojib njiocKoft TBepfloft noBepxHoern b cjiyuae, 
Korfla ra3 flBHJKeTca b^ojib HeKOTopoft och, b^ojib KOTopoft a Bflajm ot ctchkh 3a- 
flaH rpa/rneHT MaccoBoft ckopocth ra3a. Ha npiiMepe 3aflaun KpaMepca pa3BHBaeT- 
ch hobbih MeTOfl peineHHH rpaHHUHBix 3a,n,au KHHeTHuecKoii Teopnn. ITojiyueHO pe- 
uieHne nojiynpocTpaHCTBeHHoit 3a,a,auH KpaMepca 06 H30TepMnuecKOM ckojibjk6hhh 
o^HoaTOMHoro ra3a c 3epKajibHO - /iH(p(py3HBiMH rpaHHHHBiMH ycjiOBHHMii. MeTO,a, 
no3BOjiHeT nojiyuuTB perneHue c npoH3BOjibHoft CTeneHbio tohhocth. B ocHOBe MeTO- 
/ia JieJKHT H^,ea npeflCTaBjieHHH rpaHHUHoro ycjiOBna Ha cbyHKUino pacnpe/jejieHna 
b BH,n;e HCTOUHHKa b KHHeTuuecKOM ypaBHeHHH. PerneHne nojiyueHO b BH^e pa^a 
HeiiMaHa. PeniaeTca TaioKe o6paTHaa 3a/i;aua KpaMepca. 

Key words: the Kramers problem, reflection - diffusion boundary conditions, 
the Neumann series. 

PACS numbers: 51. Physics of gases, 51.10.+y Kinetic and transport theory of 
gases. 



1 BBe^eHHe. O tohhmx peineHnax rpaHHHHbix 3a,z];aH 

KHHeTHHeCKOH TeOpHH 

3a^aHa KpaMepca aBjiaeTcs o,zihoh 113 BajKHeflinnx sa^an KHHeTHnecKoii Teopnii ra30B. 
3Ta 3&r&h& imeeT Gojibinoe npaKTunecKoe 3HaieHiie. PenieHHe stoh H3Jic»KeHo b 

TaKHX MOHorpaqbnax, k&k [I] h [2]. 
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1.1 HcTopna npo6jieMbi 

Pobho 50 jieT TOMy Ha3a^ K. M. Keft3 b cBoeft 3HaMeHHTon pa6oTe [3] 3ajio:>KHji oc- 
hobbi aHajiHTHHecKoro penieHHH rpaHHHHBix 3a,n,aH TeopnH nepeHoca. Hn,eH stoto MeTo^a 
cocTOHjia b cjie/xyioriieM: HaftTH o6mee peineHHe Heo/XHopo/XHoro xapaKTepHCTHnecKoro 
ypaBHeHHH, OTBenaioiiiero ypaBHeHHio nepeHoca, b Kjiacce o6o6rneHHBix (pyHKiiHH b bh- 
ne cyMMBi HByx o6o6rneHHBix (pymainH - rjiaBHoro 3HaneHHH HHTerpajia V.P.x^ 1 (valeur 
principal) h cjiaraeMoro, nponopiiHOHajiBHoro nejiBTa-cpyHKUHH ,H,HpaKa. 

IlepBoe H3 3thx cjiaraeMBix hbjihctch nacTHBiM pemeHneM Heo/XHopo/XHoro xapaKTepn- 
CTHHecKoro ypaBHeHHH, a BTopoe HBjineTCH oGhihm perneHHeM cooTBeTCTByiornero o/xho- 
po^Horo ypaBHeHHH, oTBenaioiHero Heo/xHopo/xHOMy xapaKrepHCTHnecKOMy. Ko3(p(pHn;H- 
eHTOM nponopn;HOHajiBHocTH b stom BBipanceHHH ctoht Tax Ha3BiBaeMan jxHcnepcHOHHan 

(pyHKITHH. HyjIH JXHCnepCHOHHOH (pyHKITHH CB33aHBI B3aHMHO OJXH03HaHHO C HaCTHBIMH 

penieHH3MH ncxoniioro ypaBHeHHH nepeHoca. 

K xapaKTepncTnnecKOMy ypaBHeHHio mbi npnxoijHM nocjie SKcnoHeHiiHajiBHoro (co- 
rjiacHo 3njiepy) pa3nejieHHH nepeMeHHBix b ypaBHeHHH nepeHoca. C noMoruBio cneK- 
TpajiBHoro napaMeTpa mbi pa3iiejiHeM npocTpaHCTBeHHyio h cKopocTHyio nepeMeHHBie b 
ypaBHeHHH nepeHoca. 

OGiriee perneHne xapaKTepncTHnecKoro ypaBHeHHH conepjKHT b KanecTBe nacTHoro 
penieHHH cHHrynnpHoe H/rpo Konin V. P. (rj — Aa)^ 1 , 3HaMeHaTejiB KOToporo ecTB pa3HocTB 
CKopocTHofi n cneKTpajiBHOH nepeMeHHofi. 

Hmchho H/rpo Konin no3BOJiaeT HcnojiB30BaTB bcio modxb mcto/iob TeopnH (pyHKiinn: 
KOMnjieKCHoro nepeMeHHoro - b nacTHocTH, TeopnH KpaeBBix 3a^an PnMaHa — THjiB6epTa. 

HTaK, nocTpoeHHe co6cTBeHHBix (pyHKHHH xapaKTepHCTnnecKoro ypaBHeHHH npnBO- 

JXHT K nOHHTHK) JJHCnepCHOHHOrO ypaBHeHHH, KOpHH KOTOpOTO HaXO^HTCH BO B3aHMHO O/J- 
H03HaHHOM COOTBeTCTBHH C HaCTHBIMH (/JHCKpeTHBIMH) penieHHHMH HCXOHHOrO ypaBHeHHH 

nepeHoca. 

06mee penieHHe rpaHHHHBix 3a^an jijih ypaBHeHHH nepeHoca HineTCH b BH/ie jikhchhoh 

KOM6nHaiIHH HHCKpeTHBIX penieHHH C npOH3BOJIBHBIMH K03(p(pHH,HeHTaMH (sTH K03(p(pH- 

HHeHTBi Ha3BiBaioTCH flHCKpeTHBiMH KoscpcpHirneHTaMH) h HHTerpajia no cneKTpajiBHOMy 
napaMeTpy ot coGctbchhoh (pyHKHHH HenpepBiBHoro cneKTpa, yMHonceHHBix Ha Hen3BecT- 
Hyio cpyHKii;Hio (KoscpcpHnneHT HenpepBiBHoro cneKTpa). HexoTopBie HHCKpeTHBie Koscp- 
(pHiriieHTBi 3ajj;aiOTCH n cnnTaiOTCH hsbccthbimh. ,H,HCKpeTHBie KoscpcpHiriieHTBi OTBenaioT 
jj^ncKpeTHOMy cneKTpy, hjih, b HeKOTopBix cjiynanx, OTBenaiOT cneKTpy, npHcoeniiHeHHOMy 
k HenpepBiBHOMy. 

IIojj,CTaHOBKa o6rnero penieHHH b rpaHHHHBie ycjiOBHH npHBOJXHT k HHTerpajiBHOMy 
CHHryjinpHOMy ypaBHeHHio c H/xpoM Konin. PeineHHe stoto ypaBHeHHH no3BOJiHeT no- 
CTpoHTB peineHHe hcxohhoh rpaHHHHon 3an,aHH jijih ypaBHeHHH nepeHoca. 

^eficTByH HMeHHO TaKHM cnocoGoM, K. HepnHHBHHH b 1962 r. b paGoTe j3] nocTponji 
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TOHHoe penieHHe 3an,aHH KpaMepca 06 H30TepMHHecKOM cKOJibnceHHH. 3Ta 3an,aHa hbjih- 
eTcs BaacHOH co^epacaTejibHofl 3an,aHeH KHHeTHHecKoft TeopHH. 

Pa6oTL»i (31 S] 3ajio>KHjiH ochobbi aHajiHTHHecKHx MeTo^oB hits nojiyneHHH tohhbix 
penieHHH Mon,ejibHbix KHHeTHHecKHX ypaBHeHHH. 

3aTeM b pa6oTax [5]-j8] HepHHHBHHH h ero coaBTopBi nojiyHHjiH ps^ 3HaHHTejibHbix 
pe3yjibTaTOB h,jih KHHeTHHecKoii TeopHH ra30B. 3th pe3yjiBTaTbi nojiyHHjiH ^ajiBHeflinee 
o6o6meHHe b Haninx nocjienyioiiiHX pa6oTax. 

06o6meHHe 9Toro MeTo^a Ha BeKTopHbift cjiynaH (cncTeMbi KHHeTHHecKHX ypaBHeHHH ) 
HaTajiKHBaeTCH Ha 3HaHHTejibHbie TpynriocTH (cm., HanpHMep, [9J). C TaKHMH TpyzrHocTH- 
mh cTOJiKHyjiHCb aBTopbi pa6oT |9l [TO] [H] , b KOTopbix n,ejiajiHCb nonbiTKH peniHTB 3an,aHy 
o TeMnepaTypHOM cxamce (sa^ana CMOJiyxoBCKoro). 

Ilpeo^ojieTb 3th TpynHOCTH yaajiocb b pa6oTe [12j, b KOTopofi BnepBbie flaHO penieHHe 
3a^aHH CMOJiyxoBCKoro. 3aTeM 3Ta 3an,aHa Gbijia o6o6meHa Ha cjiynan cjiaGoro ncnape- 
hhh [13J |14| . He MOJiexyjiapHbie ra3bi [15| h |16| . Ha 6e3MaccoBbie Bo3e - ra3bi, Ha 
CKanoK TeMnepaTypbi b MeTajiJie (cjiynaH BbiponcneHHOH njia3Mbi) [IB] h [H], h Ha npyrne 
npo6jieMbi [20J h [21J. 

3aTeM b paGoTax (22] h |23] Gmjio flaHo penieHHe 3an,aHH 06 yMepeHHo cnjibHOM hc- 
napeHHH (KOHn,eHcanHH) . OnHOMepHaH 3an,aHa o cnjibHOM ncnapeHHH Gbijia nocTaBjieHa b 
pa6oTe |24] h Gbijia c^ejiaHa nonbiTKa nojiyHHTb ee TOHHoe penieHHe. 

3an,aHa o TeMnepaTypHOM cxamce h,jih BrK - ypaBHeHHH c HacTOTofl ctojikhob6hhh, 
nponopuHOHajibHOH Monyjno ckopocth MOJiexyji, 6bijia peineHa MeTonpM BnHepa — Xoncpa 
b paGoTe |25j . 3aTeM b 6ojiee o6meH nocTaHOBKe c yneTOM cjia6oro HcnapemiH (KOH^eH- 
cainm) 3Ta 3an,aHa 6bijia pemeHa MeTOflOM Keft3a b Hanieli paGoTe |26| . 

3an,aHa KpaMepca b ^ajibHefinieM 6bijia o6o6meHa Ha cjiynaii 6nHapHbix ra30B (27] 
- (3D], 6bijia pemeHa c Hcnojib30BaHHeM bmchikx Monejieii ypaBHeHHH BojibinvraHa [31] 
[33] , Sbijia o6o6meHa Ha cjiynatt 3epKajibHo - HH(p(py3Hbrx rpaHHHHbix ycjioBHH [34J - [36J . 

HecTaHHOHapHbie 3an,aHM h,jih KHHeTHHecKHX ypaBHeHHH paccMaTpHBajincb b Haninx 
pa6oTax [37J h [38J. 

Pa3JiHHHbie npoGjieMbi TeopHH ckhh - scpcpeKTa paccMaTpHBajincb b pa6oTax [39J 

B nocjienHee n,ecHTHjieTHe 3a^ana KpaMepca Gbijia ccpopMyjinpoBaHa h aHajiHTHnecKH 
pemeHa hjih KBaHTOBbix ra30B [43J . 

BonpocaM TeopHH njia3Mbi nocBHineHbi Hanin pa6oTbi [3] - [56J. 

B Haninx paGoTax [57] - |6l] Gmjih pa3BHTbi npHGjiHHceHHbie MeTonbi penieHHH rpaHHH- 
Hbix 3an,aH KHHeTHHeCKOH TeopHH C 3epKajIbHO - HH(p(py3HbIMH rpaHHHHblMH yCJIOBHHMH. 

B HacTOHineft pa6oTe mh pa3BHBaeM hobbih scpcpeKTHBHbiii MeTon, penieHHH rpaHHH- 
Hbix 3an,aH c 3epKajibHo - nH(p(py3HBiMH rpaHHHHblMH yc jiobhhmh . 
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1.2 O hobom MeTOfle peniemia 

B ocHOBe npe^JiaraeMoro MeTo^a jiejKHT H^ea bkjiiohhtb rpaHHHHoe ycjiOBHe Ha cpyHK- 
hhk> pacnpe^ejieHHH b BH^e HCTOHHHKa b KHHeTHHecxoe ypaBHemie. 

CyTB npe^jiaraeMoro MeTo^a coctoht b cjie,nyiom;eM. CHanajia (popMyjinpyeTcn b no- 
jiynpocTpaHCTBe x > KjiaccHHecKan sa^ana KpaMepca 06 H30TepMHHecK0M cKojiBJKeHHH 
c 3epKajibHo - ^H(pcpy3HBiMH rpaHHHHBiMH ycjioBHHMH. 3aTeM (pyHKn;iiH pacnpe^ejieHHH 
npo^ojiJKaeTca b conpa>KeHHoe nojiynpocTpaHCTBo x < hcthbim o6pa30M no npocTpaH- 
CTBeHHofl h no CKopocTHofl nepeMeHHbiM. B nojiynpocTpaHCTBe x < Taioice cpopMyjin- 
pyeTCH 3a^;ana KpaMepca. 

nocjie Toro kbk nojiyneHo jinHeapn30BaHHoe KHHeTnnecKoe ypaBHeHne pa3o6BeM nc- 
KOMyio cpyHKnnio (xoTopyio Taioice 6yn;eM Ha3BiBaTB (pyHKi^nen pacnpe^ejieHHJi) Ha /XBa 
cjiaraeMBix: nenMeH — SHCKoroBCKyio (pymcuHio pacnpe^ejieHHH h as (x, fx) h BTopyio nacTB 
cpyHKHHH pacnpe,n;ejieHH5i h c (x,fi), OTBenaioiHeH HenpepBiBHOMy cnercrpy: 

h(x, Li) = h as (x, Li) + h c (x, fx), 

(as = asymptotic, c = continuous) . 

B cnjiy Toro, hto nenMeH - SHCKoroBCKan cpyHKHiisi pacnpe^ejieHHH ecTB jiHHefiHaH 
KOM6nHan;HH ^ncxpeTHBix peineHHH ncxoflHoro ypaBHeHHH, cpyHKHHH h c (x, fx) Taicace hbjih- 
eTCH penieHHeM KHHeTnnecKoro ypaBHemiH. OyHKinra h c (x,/x) o6paiHaeTC5i b Hyjib B/xajiH 
ot CTeHKH. Ha CTeHKe 3Ta (pyHKirHH ynoBjieTBopjieT 3epKajiBHO - ,7XH(p(py3HOMy rpaHnn- 

HOMy yCJIOBHIO. 

^ajiee mm npeo6pa3yeM KHHeTnnecKoe ypaBHeHne rjiz (pyHKnnn 
h c (x, fx), bkjhohhb b 3to ypaBHeHne b BH^;e HjieHa rana HCTOHHHKa, jieacamero b hjiockocth 
x = 0, rpaHHHHoe ycjiOBHe Ha CTeHKe ,h;jih cpyHKHHH h c (x,fx). IIoflHepKHeM, hto cpyHKHHH 
h c (x, fx) ynoBjieTBopaeT nojiyneHHOMy KHHeTHHecKOMy ypaBHeHHio b o6enx conpHJKeHHBix 
nojiynpocTpaHCTBax x < h x > 0. 

3to KHHeTHHecKoe ypaBHeHne mbi peniaeM bo btopom h neTBepTOM kb a,np aHTax cpa- 
30Boii njiocKocTH (x, fx) Kax jiHHeflHoe ^HcpcpepeHHiiajiBHoe ypaBHeHne nepBoro nopn^Ka, 
CHHTan H3BecTHBiM MaccoByio cKopocTB ra3a U c (x). Ife nojiyneHHBix pemeHHii Haxo^HM 
rpaHHHHBie 3HaneHHH HeH3BecTHOH cpyHKHHH /i ± (a;,/i) npn x = ±0, Bxo^HiHHe b khhcth- 
necKoe ypaBHeHne. 

TenepB mbi pa3JiaraeM b HHTerpajiBi OypBe HeH3BecTHyio cpyHKirnio h c (x,fx), HeH3- 
BecTHyio MaccoByio ckopoctb U c (x) h ^ejiBTa - cpyHKHHio ,ZlHpaKa. TpaHHHHBie 3HaneHHH 

HeH3BeCTHOH CpyHKHHH hf(0,fl) npH 3TOM BBipaJKaiOTCH OflHHM H TeM yae HHTerpajiOM Ha 

cneKTpajiBHyio hjiothoctb E(k) MaccoBoft ckopocth. 

IIo^cTaHOBKa HHTerpajioB OypBe b KHHeTHiecKoe ypaBHeHne h BBipaaceHne MaccoBoii 

CKOpOCTH npHBO^HT K XapaKTepHCTHHeCKOH CHCTeMe ypaBHeHHH. ECJIH HCKJHOHHTB H3 

SToii CHCTeMBi cneKTpajiBHyio hjiothoctb §(k,fx) cpyHKHHH h c (x,fx), mbi nojiyiHM HHTe- 
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rpajibHoe ypaBHemie Ope^rojibMa BToporo po^a. 5ippo SToro ypaBHeHHH Ha30BeM a,apoM 
MaKCBejuia — HeiiMaHa. 

CnHTan rpa^neHT MaccoBOH ckopocth 3 a^aHHBiM , pa3Jio)KHM HeH3BecTHyio cKopocTb 
CKOJiBJKeHHH, a TaKJKe cneKTpajiBHbie njioTHocTH MaccoBoii ckopocth h (pyHKi^Hii pacnpe- 
,n;ejieHHa b pa^Bi no CTeneHHM KoscpcpHinieHTa ^H(p(py3HOCTH q (sto pa^Bi HeiiMaHa). Ha 
3tom nyTH mbi nojiynaeM cneTHyio cnereMy 3an;enjieHHBix ypaBHeHHft Ha KoscpcpHuneH- 

Tbl pH^OB flJIS CneKTpajIBHBIX njIOTHOCTeft. npH 3TOM BCe ypaBHeHHH Ha KOSCpCpHHHeHTBI 
CneKTpajIBHOH njIOTHOCTH flJIS MaCCOBOH CKOpOCTH HMeiOT OCo6eHHOCTB (nojuoc BTopo- 

ro nopn^Ka b Hyjie). HcKjnonaH sth ocoGchhocth nocjie^oBaTejiBHO, mbi nocTpoHM Bee 

HJieHbl pH^a flJIH CKOpOCTH CKOJIBJKeHHH , a TaKJKe pH^bl flJIS CneKTpajIBHBIX njIOTHOCTett 

MaccoBoii ckopocth h cpyHKHHH pacnpe,nejieHHJi. 

B nOCJie^HeM n.MBI CHHTaeM 3a,HaHHBIM CKOpOCTB CKOJIBJKeHHH, a HeH3BeCTHbIM MBI 

CHHTaeM BejiHHHHy rpa^neHTa MaccoBoii ckopocth. 



H3JIOJKHM (pH3HKy CKOJIBJKeHHH ra3a B^OJIB njIOCKOH nOBepXHOCTH. 

nycTB ra3 3aHHMaeT nojiynpocTpaHCTBo x > Ha,n; TBepfloft njiocKOH Heno^BHJKHOH 
CTeHKoii. Bo3BMeM ^exapTOBy CHCTeMy Koop^HHaT c ocbio x, nepneH^HKyjinpHOH CTeHKe, 
h c njiocKocTBio (y,z), coBnaflaromeii co ctchkoh, Tax hto Hanajio xoop^HHaT jicjkht Ha 
CTeHKe. 

npe^nOJIOJKHM, HTO B^ajIH OT CT6HKH H BflOJIB OCH y 3a^aH rpaflHeHT MaCCOBOH CKO- 
POCTH ra3a, BejiHHHHa KOToporo paBHa g v : 



3a^aHHe rpa^neHTa MaccoBoii ckopocth ra3a BBi3BiBaeT TeneHne ra3a b^ojib ctchkh. 
PaccMOTpHM 3to TeneHne b oTcyTCTBHH TaHreHnnajiBHoro rpa^neHTa ^aBjieHHH h npn no- 
ctohhhoh TeMnepaType. B sthx ycjioBHSx MaccoBan ckopoctb ra3a 6yneT hmctb tojibko 
o^Hy TaHreHii^HajiBHyio cocTaBjinioinyio u y (x), KOTopan B^ajin ot ctchkh 6yneT mchhtbcsi 
no jiHHeflHOMy 3aKOHy. Otkjiohchhc ot jiHHeftHoro pacnpeflejiemis 6yneT nponcxo^HTB 
b6jih3h cTeHKH b cjioe, nacTo Ha3BiBaeMOM cjioeM KHy^ceHa, TOJiinHHa KOToporo HMeeT 
iiopn^oK ^jiHHBi cBo6o^Horo npo6era I. Bne cjioh KHyn;ceHa TeneHne ra3a onncBiBaeTCH 
ypaBHeHHHMH HaBBe — CToxca. 5lBjieHHe ^bhjkchhh ra3a b^ojib noBepxHocTH, BBi3BiBa- 

eMOe rpa^HeHTOM MaCCOBOH CKOpOCTH, 3a,HaHHBIM B^ajIH OT CTCHKH, Ha3BIBaeTCH H30Tep- 

MHHecKHM cKOJiBJKeHHeM ra3a. 

,H,jih penieHHH ypaBHeHHft HaBBe-CTOKca Tpe6yeTCH nocTaBHTB rpaHHHHBie ycjioBHH 
Ha CTeHKe. B KanecTBe TaKoro rpaHHHHoro ycjiOBHH npHHHMaeTCH SKCTpanojinpoBaHHoe 

3HaHeHHe rHflpOflHHaMHHeCKOft CKOpOCTH Ha IIOBepXHOCTH - BejIHHHHa U.sl. 



1.3 ^BJieHHe CKOJib^ceHHa 
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0tm6thm, hto peajibHbifl npocpHjib CKopocra b cjioe KHyzjceHa OTjiHHeH ot rnppopji- 
HaMHHecKoro. J1,jis nojiyneHHH BejiHHHHBi u s i TpeGyeTCH peniHTB ypaBHeHHe BojibHMaHa 
b cjioe KHy^ceHa. IIpH Majibix rpa^neHTax ckopocth HMeeM: 

du y (x) 



u s i — K V IG V} G v 



dx 



3a,n;aHa Haxoac^eHHa ckopocth H30TepMHHecKCTo cKOJibxceHHa u s i Ha3BreaeTCH sa^aneS 
Kpaiviepca (cm., HanpHMep, [lj. Onpe^ejieHne BejiHHHHBi u s i no3BOJiaeT, kbk yBH^HM HHxce, 
nojiHocTbio nocTponTB cpyHKHino pacnpe,n;ejieHHH ra30Btix MOJiexyji b ,n;aHHOH 3a^aHe, 
HafiTH npocpHjib pacnpe,n;ejieHH5i b nojiynpocTpaHCTBe MaccoBofi ckopocth ra3a, a TaK>Ke 
HaflTH 3HaieHH6 MaccoBofi ckopocth ra3a Ha rpaHHHe nojiynpocTpaHCTBa. 



2 IlocTaHOBKa 3a,z];aHH 

IlycTB pa3pe>KeHHbiH o^HoaTOMHbifi ra3 3aHHMaeT nojiynpocTpaHCTBo 
x > Ha,n njiocKofl ctchkoh. 

B KanecTBe KHHeTHnecKoro ypaBHeHHH ^jia cpyHKHHH pacnpe,n,ejieHHH 6yneM HcnojiB- 
30BaTB KHHeTHHecKoe ypaBHeHHe BojibHMaHa c HHTerpajioM ctojikhob6hhh b cpopivre r- 
MCflejiH (r-npH6jiH>KeHH5i) : 

d£, df / eg (r,v,t)-/(r,v,t) 

dt dr t ' 1 ' ' 

B ypaBHeHHH (1.1) r - xapaKTepHoe BpeMH MejK,ay ^ByMH nocjie^oBaTejiBHBiMH ctojik- 

HOBeHHHMH, T = 1/u, V - 3(p(peKTHBHaH HaCTOTa CTOJIKHOBeHHH, f eg (r,V,t) - JIOKajIBHO - 

paBHOBecHaa cpyHKHHH pacnpe^ejieHHH, 

n i \ / m \ 3 / 2 r m 2 ~ 

f e0 (r,v,t) = n\ — — exp — ( v_ u ( r ^)) > 

J qy ' \2irkTJ F L 2kT K y ' 11 J' 

u(r, t) - MaccoBan CKopocTb ra3a. 

CcpopMyjinpyeM 3epKajibHo - ^H<pcpy3HBie rpaHHHHbie ycjioBHa pjm cpyHKHHH pacnpe- 

^ejieHHH: 

f(t,+0,v) = qf o (y) + (l-q)f(t,+0,-v x ,v y ,v g ), v x > 0, (1.2) 
r^e q - KoscpcpHinieHT ,n;Hcpcpy3HocTH, ^ q ^ 1, fo(v) - a6cojnoTHbiH MaKCBejurnaH, 

. , . / m \ 3 / 2 / mv 2 \ 

B ypaBHeHHH (1.2) napaMeTp q (KoscpcpHHHeHT ,n;Hcpcpy3HocTH) - nacTB MOJiexyji, pac- 
ceHBaioiHHxcH rpaffimeft ,n;Hcpcpy3Ho, 1 — q - nacTt MOJiexyji, pacceHBaromnxcH 3epKajibHo. 

npo^ojiJKHM cpyHKHHio pacnpe,n,ejieHHH Ha conpHHceHHoe nojiynpocTpaHCTBo chmmct- 
pHHHBiM o6pa30M: 

f(t, x, v) = f(t, -x, -v X} Vy, v z ). (1.3) 



8 



npqzipjrsceHHe corjiacHO (1.3) Ha nojiynpocTpaHCTBO x < no3BOJiHeT bkjiiohhtb rpa- 
HHHHbie ycjiOBHH b yp aBHeHHH 3aflaHH. 

Taxoe npo^ojiaceHHe cpyHKUHii paciipe^ejiemia: no3BOJi5ieT cpaKTiiHecKii paccMaTpn- 
BaTb ppe sa^ann, o^Ha H3 kotopbix onpe^ejieHa b "nojioacHTejibHOM 11 nojiynpocTpaHCTBe 
x > 0, BTopaa - b oTpimaTejiBHOM "nojiynpocTpaHCTBe" x < 0. 

CcpopMyjinpyeM 3epKajibHo - ^H(p(py3Hbie rpamiHHbie ycjioBira fljia (pyHKuiiii pacnpe- 
flejiemiH cooTBeTCTBeHHo ,zyiH "nojioxcHTejiBHoro" h ,zyiH "oTpim,aTejibHoro" nojiynpo- 

CTpaHCTB: 

/(*,+0,v) = g/o(u) + (l-g)/(i,+0,-u x ,u,„0, v x >0, (1.4) 
/(t,-0,v)=g/o(u) + (l-g)/(*,-0,-u a; ,7; 1 „0, *> x < 0. (1.5) 

r,ne g - KoscpcpimneHT ^H(pcpy3HOCTH, ^ g ^ 1. 

B ypaBHeHHHx (1.4) h (1-5) napaMeTp q (KoscpcpimneHT ^H(pcpy3HocTH) - nacTB mo- 
jieKyji, pacceiiBaioiHHxcH rpammeft ,n,H(p(py3Ho, 1 — q - nacTB Mojiexyji, pacceHBaioiinixcH 
3epKajiBHo, T.e. yxo^mne OT ctchkh MOJiexyjiBi HMeioT MaKCBejuioBCKoe pacnpe,n;ejieHHe 

IIO CKOpOCTHM. 

ByneM HcxaTB cpyHKUHio pacnpe^ejiemiH b Bime 

f = f (v)(l + C y h( Xl ,ri), 
rp<e X\ - 6e3pa3MepHaa Koop^HHaTa, 

(J, = C X , x± — —, C = — , v T = 



V v T ' VP ' 2kT' 

vt - TenjioBaa ckopoctb MOJiexyji. 

BBe^eM rpa^neHT 6e3pa3MepHofi MaccoBoii ckopocth ra3a U(x\) = — (no 6e3- 

Vt 

pa3MepHoii Koop^iiHaTe): 

'dU(x!) 

9v = ' 



dX\ / x\=+oo 

Cbh3b MeJK^y rpa,HHeHTaMH G v h g v ^aeTCH paBeHCTBOM: 
_ 1 f duyjxi) \ dx _ I _ 

9v — j j -. — — TU V . 

vt \ dx\ /xi=+oodxi vt 

,H,ajiee 6e3pa3MepHyio Koop^HHaTy x\ cHOBa 6yneM oGosHanaTB nepe3 x. CorjiacHO 
(1.3) mbi HMeeM: 

h(x, ji) = h(—x, —fj), n > 0. 



Ha (pyHKi^iiio h(x, /x) nojiynaeM ypaBHemie: 

dh , 1 

5— + h(x,n) = —= 
ox V n 



ji— — \- h(x, ji) — — j= I e~^h(x,t) dt, (1.6) 
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h cjie^yiomne rpaHHHHBie ycjiOBira: 

h(+0, /i) = (1 - q)h(+0, -pi) = (1 - q)h(-0, pi), pi > 0, 

/i(-0, //) = (1 - g)M-0, -/i) = (1 - q)h(+0, pi), pi<0. 
IIpaBas nacTb ypaBHemisi (1.6) ecTB ynBoemmH MaccoBaa ckopoctb ra3a: 



oo 



U(x) = -^-= [ e~ t2 h(x,t)dt. 

2V 71 " y 



Ilpe^cTaBHM cpyHKi^Hio h b BH,n;e: 

h(x, pi) — h^ s (x, pi) + h c (x, pi), ecjiH ± rr > 0, 

r,ne acHMnTOTHHecKan nacTB (pyHKirxiii pacnpe^ejieHHJi (Tax Ha3BiBaeMaa neriMeH — 3H- 
CKoroBCKasi (pyHKirxra pacnpe,n;ejieHH5i) 

h^ s (x,pi) = 2V s i(q) ± 2g v (x - pi), ecjin ± x > 0, (1.7) 

TaiQKe HBjiaeTCH perneHHeM KimeTiiHecKoro ypaBHemia: (1.6). 

3^ecB V s i(q) - ecTB HCKOMan ckopoctb HsoTepMiinecKoro cKOJiBJKeHira (6e3pa3MepHaa) . 
CjieflOBaTejibHO, (pyHKuns h c (x,pi) Taioice ynoBjieTBopaeT ypaBHemno (1.6): 



oo 

0h c , . If _ ,2 , . 

— + h c (x,pi) = — p= / e h c [x,t)dt. 
ox V 71 " i 



Tax Kax B^ajin ot cTeHKii (x — >■ ±oo) (pyHKiriisi pacnpe^ejieHHa /i(x, /i) nepexo,a;HT b 
nenMeH — 3HCKoroBCKyio h^ s (x, pi), to ,zyiH (pyHKirxiii h c (x, pi), oTBeHaromefi: HenpepbiBHOMy 
cneKTpy, nojiynaeM cjie^yromee rpaHHHHoe ycjioBiie: h c (±oo,pi) = 0. 

OTcio^a rjik MaccoBoii ckopocth ra3a nojiynaeM: 

U c (±oo) = 0. (1.8) 

Otmcthm, hto b paBeHCTBe (1.7) 3HaK rpa^neHTa b " oTpimaTejiBHOM " nojiynpocTpaH- 
CTBe MeHHeTCH Ha npoTiiBono jiojkhbih . IlcoTOMy ycjioBiie (1.8) BBinojiHHeTCH aBTOMaTii- 
necKH ,n;jrH cpyHKi^HH h^ s (x,pi). 

Tor^a rpaHHHHBie ycjioBHH nepexo^HT b cjie^ryroiHiie: 

h c (+0,pi) = 

= -h+ s (+0, pi) + (1 - q)h+ (+0, -pi) + (1 - q)h c (+0, -pi), pi > 0, 

h c (-0,pi) = 

= -K s (-0, pi) + (1 - q)h~ as (-0, -/i)(l - g)^ c (-0, -/i), pi < 0. 
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06o3HaHHM 

h±{n) = -2qV sl (q) + (2-q)2gM- 
H nepennnieM npe^TByryinne rpaHnnHBie ycjioBHH b BH^e: 

h c (+0, fi) = h+(/i) + (1 - q)h c (+0, -fi), n > 0, 

h c (-0,(i) = ho(n) + (1 - q)h c (-0, -fi), n < 0, 

r^e 

ho(») = -^ s (0, y) + (l - g)/£(0, -/i) = 

= -2qV al (q) + (2 - q)2g v \fjL\. 
YHHTBiBaH cHMMeTpHHHoe npoflOJDKemie (pyHKnnn pacnpe^ejiemis, HMeeM 

h c (-0, -n) = h c (+0, +fi), h c (+0, -fi) = h c (-0, +//). 

Cjie^OBaTejiBHO, rpaHnnHBie ycnoBHH nepennuiyTCH b BH^e: 

h c (+0, f j,) = t4(fj,) + (l-q)h c (-0,fji), fi>0, (1.9) 

h c (-0,fi) = h^( f j l ) + (l-q)h c (+0,tj), /i<0. (1.10) 

Bkjiiohhm rpaHHHHBie ycjioBHH (1.9) h (1.10) b KHHeranecKoe ypaBHeHne cjie,nyioiiiHM 
o6pa30M: 

dh r 1 

^ ~dx + hc ( x, ti = 2U ^ X ) + H H (^) - g/i c (T0,/i)J<5(x), (1.11) 

r,n;e £/ c (x) - nacTB MaccoBoii ckopocth, oTBenaromaH HenpepBiBHOMy cneKTpy, 

oo 

2U c (x) = / e- t2 h c (x,t)dt. (1.12) 

— oo 

B caMOM ^ejie, nycTB, Hanpnivrep, // > 0. IIpoHHTerpHpyeM o6e nacrn ypaBHeHnsr (1.11) 
no x ot — £ +e. B pe3yjiBTaTe nojiynaeM paBeHCTBo: 

/i c (+£,/i) - h c (-e,fi) = h+(n) - qh c (-e,fi), 

OTKy^a nepexo^H k npe^ejiy npn £ — > b tohhocth nojiynaeM rpamiHHoe ycjioBHe (1.9). 

Ha ocHOBamiH onpe^ejieHHa MaccoBoii ckopocth (1.12) 3aKjnonaeM, hto ^jih Hee bm- 
nojiHHeTca ycjioBHe (1.8): U c (+oo) = 0. Cjie^oBaTejiBHo, b nojiynpocTpaHCTBe x > 
npocpHjiB MaccoBoii ckopocth ra3a BbiHucjiaeTCH no (popMyjie: 

oo 

U(x) = U as (x) + ^= J e- t2 h c (x,t)dt, (1.13) 

— oo 

a B^ajin ot cTeHKH HMeeT cjieflyromee jinHenHoe pacnpe^ejiemie: 

U as (x) = V s i(q) + g v x, x -> +oo. (1-14) 
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3 KimeTHHecKoe ypaBHeHHe bo btopom h neTBepTOM 
KBa^paHTax 4>a30Boro npocTpaHCTBa 

Peniaa ypaBHeHHe (1.11) npn x > 0, fx < 0, chht&h 3a,naHHBiM MaccoByio CKopocTb 
U(x), nojiynaeM, ynoBjieTBopsisi rpaHHHHBiM ycjioBHHM (1.10), cjie^yiomee penieHne: 

+oo 

h+(x, fx) = -- exp(--) / exp(+-)2U c (t) dt. (2.1) 
fx fx J fx 

X 

AHajiorHHHO npn x < 0, fx > HaxcflHM: 

1 x f t 

h-(x,fi) = -exp( — ) exp(+-)2U c (t)dt. (2.2) 
fx fx J fx 



-oo 



TenepB ypaBHeHHH (1.11) h (1.12) mojkho nepemicaTB, 3aMeHHB BTopoft HjieH b kbslr- 
paTHoii cKoGxe 113 (1.11) corjiacHo (2.1) h (2.2), b Bime: 

dh r i 

+ h c (x,fi) = 2U c (x) + [h±(fx) - qh*(p,n)\6(x), (2.3) 

oo 

2U c (x) = ^ 7 = [ e- t2 h c (x,t)dt. (2.4) 
V 71 " J 

— oo 

B paBeHCTBax (2.3) rpamiHHBie 3HaHeHHH hf(0, fx) BBipaxcaioTCJi nepe3 cocTaBjunomyio 
MaccoBott CKopocTH, OTBeHaiomeii HenpepBiBHOMy cneKTpy: 

±oo 

hf(0,fx) = -- e - x/ » [ e tlil 2XJ c {t)dt = h{±0,fx). 
o 

Peniemie ypaBHemift (2.4) h (2.3) Hm;eM b BH^e HHTerpajioB OypBe: 

oo oo 

2U c (x) = I e ikx E(k) dk, S(x) = I e ikx dk, (2.5) 
2n J 2-n J 



oo 



h c (x,fx) = ^ J e ikx <£>(k,fi)dk. (2.6) 

— oo 

Ilpn 3tom (pyHKn;Ha pacnpe^ejieHiia h+(x, fx) BbipaacaeTCJi nepe3 cneKTpajiBHyio njioT- 
HocTb E{k) MaccoBoii CKopocrii cjie^yioiri;HM o6pa30M: 



+oo 



h+{x,fx) = --exp(--) / exp(+-)dt— [ e ikt E(k, fx) dk 
fx fx J fx 2% J 
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AimjiorHHHo, 



TaKHM o6pa30M, 



i f e 
= 2^ J ~L 



oo 

e ikx E(k,fi) dk 



+ ikfj, 



2ir J 1 + ikfj, 



1 /' ( ;/ ' /•;(/,•.//) 



Hcnojib3yH hcthoctb (pyHKipiH flajiee nojiynaeM: 



oo 



1 [E(k,ri 1 f E{k)dk 1 f E{k)dk 

— oo — oo 



4 XapaKTepHCTHnecKaa CHCTeMa 



Tenepb no^cTaBHM HHTerpajiBi OypBe (2.6) h (2.5), a TaioKe paBeHCTBo (2.7) b ypaB- 
HemiJi (2.3) h (2.4). IIojiyHaeM xapaKTepucTHHecKyio cnereMy ypaBHemift: 



$(k,n)(l + ik/i) = 
E{k) + - 2qV sl (q) + 2(2 - q)g v \fi\ - ^ 1 " {kl)<lki 



it J 1 + klfi 2 
o 



E(k) = 4= / e~ t2 ^{k,t)dt. 
V 71 " 7 

— oo 

Ife ypaBHeHHH (3.1) nojiynaeM: 



2g\/ sZ (g) + 2(2-gK|/x| 



g f E{k 1 )dk 1 



n J 1 + A;2/i2 





1 + i/c/i 1 + ikfj, 

Ilo^cTaBHM onpejieHHoe paBeHCTBOM (3.3), b (3.2). IlojiyHaeM, hto: 

E(k)L(k) = ^qVMT^k) + 2(2 - q)g v T 2 (k)- 



7T 



3/2 



E{k 1 )dk 1 



(3.1) 



(3.2) 



(3.3) 



(3.4) 
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3,necb 



2 [ e-*t n dt 



e _t eft 



HeTpynHO BH^eTb, hto 



e-* dt 



-oo 

oo 



2 /• e-^dt 2 2 r e^ t 2 dt 

1+kH 2 - 7?y 



+ A; 2 t 2 1 + A; 2 t 2 ' 

o o 

HJIH, KpaTKO, 

L(fc) = A; 2 T 2 (A;). 

KpoMe Toro, BHyTpeHHiiii HHTerpaji b (3.4) npeo6pa3yeM h o6o3HaHHM cjie,nyioiHHM 
o6pa30M: 

oo oo 

e - * Itldt 2 /" e - * tdt 



J_ /* e-* |t|<ft 2 f e-Hdt 

(l + ^t)(l + A; 2 t 2 ) (1 + A; 2 t 2 )(l + A; 2 t 2 ) { ' lj ' 

-oo 
3aMeTHM, HTO 



J(/c, 0) = Ti(fc), J(0,fci) =T 1 (fc 1 ). 
IlepenHineM TenepB ypaBHemie (3.4) c noMoiHBio npe^bmymero paBeHCTBa b cjie^yio- 



meM BH^e: 



E(k)L(k) = -ZqVMT^k) + 2(2 - q)g v T 2 {k) -lj J(k, k 1 )E(k 1 ) dk v (3.5) 

o 

YpaBHeHne (3.5) ecTB HHTerpajiBHoe ypaBHemie Ope^rojiBMa BToporo po^a. 



5 PnR HeiiMaHa 

CniiTaji rpa^neHT MaccoBofi cKopocra b ypaBHemiii (3.5) 3a^aHHBiM, pa3Jio>KHM pe- 
ineHHH xapaKTepncTHHecKofi cncTeMbi (3.3) h (3.5) b pa,n, no cTeneHHM KoscpcpiiuiieHTa 
^,H(p(py3HOCTH q: 



E(k) = g v 2(2 - q) 



E (k) + qE 1 (k) + q 2 E 2 (k) + •••], 



(4.1) 
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$(£;, fj) = g v 2(2 - q) [$ (fc, //) + q$i(k, ft) + g 2 $ 2 (A;, //) + ■■■]. (4.2) 

CfCOpOCTB CKOJIBJKeHHH V s ;(g) npH 3TOM GyflfiM HCKaTB B BH^e 



V s i(q) = g?—^- [V + V iq + V 2 q 2 + --- + V n q n + ---j. (4.3) 



IIo^cTaBHM pa^Bi (4.1)-(4.3) b ypaBHeHHH (3.3) h (3.5). IIojiyMaeM cjieflyromyio ch- 
CTeMy ypaBHeHHfl: 

(1 + ikfi)[%{k, n) + ^(k, fi)q + $ 2 (/c, fi)q 2 + ■■■] = 
= [E (k) + E l (k)q + E 2 (k)q 2 + ■■■}- (V + V lQ + V 2 q 2 + ■■■ )\fi\ + 

oo 

q f E (k 1 ) + E 1 (k 1 )q + E 2 (k 1 )q 2 + --- 

-KJ YTW 2 dhu 

o 

[E (k) + E 1 (k)q + E 2 (k)q 2 + ■■■ }L(k) = -[V + V lQ + V 2 q 2 + ■ ■ -jT^k) + T 2 (k)- 

oo 

J J(k,k l )\Ev{k l ) + E l (k l )q + E 2 {k l )q 2 + ---]dk l . 
o 

riocjie^HHe HHTerpajibHBie ypaBHeHHH pacna^aioTca Ha 3KBHBajieHTHyio GecKOHenHyio 
cncTeMy ypaBHeHHfl. B HyjieBOM npnGjiHJKeHHH nojiynaeM cjie^yromyio cncTeMy ypaBHe- 
HHfl: 

E (k)L(k)=T 2 (k)-V T 1 (k), (4.4) 
<f> (k,n){l + ikii) = E (k)+n 2 -V \n\, (4.5) 
B nepBOM npn6 jiHJKeHHH : 

oo 

Ei(k)L(k) = —ViTi(k) — J J(k,k 1 )E (k 1 )dk 1 , (4.6) 



(4.7) 



+ ik») = El (k) -VM-— [ TTT^- 



Bo BTopoM npnGjiHacemiH: 

oo 

E 2 (k)L(k) = —V 2 T 1 (k) - i J J(k, k 2 )E 1 (k 2 ) dk 2 , (4.8) 

o 

oo 

^(k^)(l + ik^ = E 2 (k)-VM-^f^^- (4-9) 
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B n-M npnGjiiDKeHHH nojiynaeM: 

oo 

E n (k)L(k) = -V n Ti(k) - i J J(k, kjE^kJdkn, (4.10) 



$ n (k, + ikfi) = E n (k) - V n \n\ 



\fx\ f E n _i(k n )dk n 



o 



5.1 HyjieBoe npnGjinsceHiie 

Ife cpopMyjibi (4.4) ,zyiH HyjieBoro npn6jiH>KeHHH HaxoflHM: 



£oW = (4 , 2) 



HyjieBoe npnGjiHJKeHHe MaccoBoii ckopocth Ha ocHOBamiH (4.12) paBHo: 

00 

U c\ x ) = j e lhx E (k) dk = 



—00 

CorjiacHo (4.13) Hajio>KHM Ha HyjieBoe npn6jiH>KeHHe MaccoBoii ckopocth TpeGoBamie: 
U c (+oo) = 0. 3to ycjioBHe npHBo^HT k TOMy, hto no^BiHTerpajiBHoe BBipa>KeHHe H3 hh- 
Terpajia OypBe (4.13) b tohkc k = kohchho. Cjie^oBaTejiBHo, mm ^ojijkhbi ycTpaHHTB 
nojuoc BToporo nopaflica b tohkc k = y cpyHKHHH Eo(k). 3aMenaH, hto 

r 2 (o) = \, t\(o) = -L 

Haxo^HM HyjieBoe npnGjiHJKeHHe Vo: 

V = ^ = ^ „ 0.886227. 
71(0) 2 

Hafl^eM HHCJiHTejib BBip a>KeHHsi (4.12): 

00 , 00 , 

t.^/.n 2 fe-*t 2 dt fe-tfdt 
T 2 {k) — V Ti(k) 



yfifj 1 + kH 2 J l + k 2 t 2 


00 00 

/•/ 2t \ e~*tdt f e~ l t{l + A: 2 t 2 - kH 2 ) / _2*_\ 
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oo 

J l + kH 2 \ yfH) 



dt = k 2 



7T. 



^-Ts(fc) - T 4 (k) 



TaKHM o6pa30M, 



7T, 



r^e 



¥>o(*0= / n 



CorjiacHo (4.12) HMeeM: 



T 2 (k) - VoT^k) = T 2 (k) - ^T,(k) = k 2 Mk), 



2t \ e- t2 t 3 dt 



it \ e 



v^F7 1 + /c 2 t 2 2 
E (k) = 



CorjiacHo (4.5) Haxo^HM: 



$o(k,n) 



h, cjie^oBaTejibHo, 



2ir 



E (k)+/j, 2 - V \n\ 
1 + ikfj, 

E (k)+fi 2 -V \fi\ 



e ikx dk 
. 1 + ik\x 



5.2 IlepBoe npnGjinxceHHe 

IlepeH^eM k nepBOMy npnGjiHJKeHHio. B nepBOM npnGjimKemiH 113 ypaBHemia (4.6) 
HaxoflHM: 

00 

E ' (k) = ~M™ + h I w^'H- < 4 - 14 > 



IlepBaH nonpaBKa k MaccoBofl CKopocTH HMeeT bkr 

00 

U^ l) (x)=g v ^ J e lkx E 1 (k)dk. 

—00 

TpeGoBamie U c (+oo) = npiiBquiiT k Tpe6oBaHiiio kohcihoctii no^BiHTerpajiBHoro 
BBipajKeHHH b npefltmymeM HHTerpajie OypBe. YcTpaHss nojiioc BToporo nopa^Ka b toh- 
Ke k = 0, Haxo^HM: 
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= — ^= / ^^-Mh) dh « 0.140523. (4.15) 



Ilpeo6pa3yeM c iiomoihbio (4.15) BBipaJKemie b KBa^paTHofl CKo6Ke H3 BBipaaceHna 
(4.14): 

oo 

V 1 T 1 (k) + ^= [ j(kM) < f$rfldk 1 = 



oo oo 

= - / JCMOf^!- 71(^)4= / J(0,*0^d*i = 

7T J J-2\K 1 ) V7T 7 M fc l) 





oo 



= ~/ J(k,h) - ^/nJ(k,0)J(0,k 1 ) Eoik^dh. (4.16) 
o 

3aM6TiiM, hto J(0, /ci) = Ti(k\) . Hafl^eM Bbipaacemie 

J(k, ki) - v ^J(k,0)J(0,k 1 ). 

PaccMOTpHM pa3Jio>KeHHe Ha sjieMeHTapHBie ppo6a: 

1 [(1 + P^ 2 ) -P^l + Pt 2 ) -Pt 2 ] 

(1 + k 2 t 2 ){l + k 2 t 2 ) ~ (1 + k 2 t 2 )(l + k 2 t 2 ) 

t,2 f 2 K2 f 2 PP/ 4 

/v-i v rv v rv rv-\ v 

= 1~ . 1 „, n -- 717777 + 



1 + P^ 2 l + Pt 2 (1 + Pt 2 )(l + P L t 2 ) 

C noMom;bio 3Toro pa3Jio>KeHHJi npeo6pa3yeM HHTerpaji 



oo 

+2 



JfA; fcil - — / 6 tdt 

l ' (1 + Pt 2 )(l + A; 2 t2)- 



o 

riojiynaeM cne,nyioiu;ee npe,n;cTaBjieHHe 9Toro HHTerpajia: 

oo oo 




'OO 



2 /• e-* t 5 rft 



HJIH 



r^e 



o 

1 



v^F 7 (l + Pt 2 )(l + P L t 2 )' 



J(fc, fci) = - A; 2 J 3 (0, fci) - k\ J 3 {k, 0) + k 2 k 2 J 5 {k, h), 

A/7T 



■oo 



/e~ f t n dt 
(i + k 2 t 2 )(i + k 2 t 2 y n = 3 ' 5 ' 
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BepHeMCH k Bt>ip a>KeHHio 



J(fc,fci) ~ VnJ(k,0)J(0,k 1 ). 

CHanajia 3aMeTiiM, hto 

oo 

J(k,0) = 4= / e- t2 t 
V 71 " 7 



l + k 2 t 2 -k 2 t 2 , 1 l2r/In . 



1 



J(0, fci) = -p-^J 3 (0,A;i). 



Tenept> hcho, hto 



J(fc,fci) - ^^,0)7(0,^; 



1 



= _ _ k 2 J 3 (0, fcx) - fc x 2 J 3 (fc, 0) + k 2 k\ J 5 (fc, h)- 
V 71 

-yfr\A= - k 2 J 3 (k, 0)1 - k\ J 3 (0, fci) 

L y 7T J L Y 7T 



HJIH 



J(fc, fci) - Vtt 0) J(0, fci) = k 2 k\ J 5 (fc, ki) - J 3 (fc, 0) J 3 (0, fci) 
llpeflCTaBHM 9to BbipaaceHHe b BH^e 

J(fc, fci) - y^fc, 0) J(0, fci) = k 2 S(k, fci), 

r^e 

5(fc,fc 1 ) = fc?[j 5 (fc,fci)-T 3 (fc)T 3 (fc 1 ) . 
BepHeMCH k BbipajKeHHio (4.14). C noMombio (4.16) Tenepb nojiynaeM: 



E 1 (k 1 ) 



1 fS{h,k 2 ) 



HJIH, KpaTKO, 



rjj;e 



HJIH 



7TT 2 (fci) 7 T 2 (fc 2 ) 


tfi(h) 



(po(k 2 ) dk 



2, 



^l(fcl) = 



Vi(fci) = - 



T 2 (fc!)' 

1 7s(h,k 2 ) 



7T 7 T 2 (fc 2 ) 



y?o(fc2) dfc 2 , 



oo 

<Pi(ki) = ~ J S(k 1 ,k 2 )E (k 2 ) dk 2 . 



(4.17) 



TenepB no^cTaBjiaji (4.17) b (4.7) Haxo^HM nepBoe npnGjiHJKeHHe cneicrpajibHOH njioT- 
hocth cpyHKi^HH pacnpe^ejiemui: 



$i(fc,/x) 



1 T El (k)-vM- ltMl fEo{kl)dkl 



1 + ikji 



7T J l + kjn 2 
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5.3 BTopoe npH6jiH^ceHHe 



IlepeH^eM ko BTopoMy npn6jiH:sceHHio saflanii - ypaBHemia: (4.8) h (4.9). Ife ypaBHe- 
hhji (4.8) Haxo,n;HM: 



E 2 (k) 



1 



L(fc) 



V 2 T 1 (k) + - / J^kjE^k^dh 

IT 



(4.18) 



BTopaa nonpaBKa k MaccoBofi cKopocTii HMeeT bh^; 

00 

U c 2 \ x )=9v^ L I e ikx E 2 (k)dk. 



YcjIOBHe U c (+Oo) = npHBO^HT K Tpe6oBaHHIO OrpaHHieHHOCTH (pyHKI^HH E 2 {k) B 

TOHKe k — 0. YcTpaHaa nojiioc BToporo nopH^Ka b TOHKe k = b npaBoii nacTH paBeHCTBa 
fljia E 2 (k), Haxo^HM: 

00 

1 



Vo = 



J(0, Jbi) J E7i(fci)dfci = 



T x {k x )E x {k x )dk x « -0.011556. 



OopMyjiy (4.19) npeo6pa3yeM k cjieflyiomeMy BHfly: 



vr 3 / 2 7 y T 2 {k x )T 2 {k 2 ) 





(^0(^2) dk x dk 2 . 



Ilpeo6pa3yeM BbipajKemie (4.18) c noMombio paBeHCTBa (4.19). HMeeM: 



E 2 (k) = 



1 



J(fc, fci) - VnJ(k, 0) J(0, fci) £i(fci) dfci. 



7rL(fc) 



Bbiine Gbijio noKa3aHo, hto 

J(k, h) - 0rJ(fc, 0) J(0, fci) = fc 2 S(fc, fci). 

CjieflOBaTejibHO, npe^bi^ymee paBeHCTBo ,naeT: 

00 

1 



S 2 (fc) 




7rT 2 (fc) 


00 

S(fc,fci)S(fci,fc 2 



S(k, fci)£i(fci) dfci 



vr2T 2 (fc) y y T 2 (fci)T 2 (fc 2 ) 



■ipo(k 2 )dkidk 2 . 



(4.19) 
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riepenHineM sto paBeHCTBO b BH^e: 



E 2 (k) 



ip 2 (k) 



oo 

<p 2 (k) = ~J SfakjE^kJdh = 



S(k,h)S(k u k 2 ) 

vr 2 J J T 2 (h)T 2 (k 2 ) 
o o 




(fo(k 2 )dkidk 2 . 



^Jifl BToporo npiiGjiiDKeHHH cneKTpajiBHoii iijiothocth cpyHKiriiH pacnpe^ejieHHH H3 
ypaBHeHHH (4.9) nojiynaeM: 



® 2 (k,n) 



1 + ikfj, 



oo 

P/n i I A* I /* E^k^dh 

E ^ k) - VM ---]TTkW 



5.4 BbicniHe npH6jiH^ceHHa 

B TpeTBeM npn6jiH>KeHHH nojiynaeM: 



^ 3 (fc) 



L(fc) 



oo 



V 3 T 1 (k) + -J JfakjEhikJdh 
o 



KaK h paHee, ycTpaHsrsi nojiioc BToporo nopaflica b ToiKe = 0, nojiynaeM: 



J(0, k^E^k^dh 



T^E^dh, 



HJIH 



i 



v^y ^2(^1 




^ 2 (A;i)dA;i = 0.001092. 



KpoMe toto, b TpeTBeM npiiGjiHJKeHHii mbi nojiynaeM: 



E 3 (k) = 



irL(k) 



J(k, h) - V5FTi(fc)Ti(fci) E 2 (k 1 )dk u = 



nT 2 (k) 



S(k, ki)E 2 (ki)dki, 



UJIU 



E 3 (k) = 



T 2 (k) 
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r^e 



^(k) = ~ J S(k,k 1 )E 2 (k 1 )dk 1 = 
o 

oo oo oo 

1 f f f SfakJSfaktWk^ka) 



7T 3 J J J T 2 {k{)T 2 {k 2 )T 2 {h) 



H 



(fo(k 3 )dkidk 2 dk 3 , 



oo oo oo 



v 1 f f / Ti(*i)5(*i,fa)S(fa,*3) ,. u . .. ., 

V3 = ~iJ J J utmmth) 



IIpoBo^ji aHajiorHHHbie paccyac^eHHa, fljia n-ro npn6jiH>KeHHJi corjiacHo (4.10) h 



(4.11) nojiynaeM: 

oo 

K = -^ y T^E^k) dk, n = l,2, 





oo 



HJIH 



r^e 



En ^ ) = ~^k(k)S ^'^OK-i^i)^!, n = l,2, 



KW = |r||, n = 0,l,2,-.., 



V?n(&) = ~~ J S ( k ' kijEn-^k^dki, n = 1, 2, • • • , 

oo 

/" E n ^(ki)dki 





1 



1 + z/CyU. 



- K|/i| - 



vr (n+l)/2 y ! + £2^2 



BbinnineM n-tie npnGjiH^KeHKH V^, E n (k) h ip n (k), Bt.ipaaceHHt.ie nepe3 HyjieBoe npn- 
6jiH>KeHHe cneKTpajiBHoii hjiothocth MaccoBofi ckopocth E (k) = ipo(k)/T 2 (k). HMeeM: 



oo oo 



_ (-1)" f f T 1 (k 1 )S(k 1 ,k 2 )---S(k n . 1 ,k n ) 
n 7T«-V2 J • • • J T 2 (k 1 )---T 2 (k n ) X 



xip (k n ) dh ■ ■ ■ dk n , 

oo oo 

(-1)" f f S(k,k l )S(k 1 ,k 2 )---S(k n . l ,k n ) 



T 2 (k 1 )---T 2 (k n ) 



X(p (k n )dki ■ ■ ■ dk n , n = 1,2,3, 



x 



oo oo 



^ k) -—] "'] T 2 (^---T 2 (A; n ) X 



X(fQ(k n )dki ■ ■ -dkn, n = l,2, 
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5.5 CpaBHeHHe c tohhbim peniemieM 

CpaBHHM HyjieBoe, nepBoe, BTopoe h TpeTbe npnGjiHJKeHHJi npn q — 1 c tohhbim 
penieHneM. ToHHoe 3HaHeHHe ckopocth CKOJiBJKeHiis: b cjiynae ,HH(p(py3Horo pacceHHHH 
TaKOBo: 

Vri(l) = 1.016191&. 
Ckopoctb cKOJiBJKeHHH b TpeTBeM npii6jiH>KeHHH paBHa: 

V + V ig + \/ 2 g 2 + \/ 3 g 3 , 
hjih, corjiacHo npiiBe^eHHBiM BBiine pe3yjibTaTaM: 

0.886227 + 0.140523g - 0.011556g 2 + 0.001092g 3 . 

HeTpy^HO npoBepiiTB, hto b HyjieBOM (MaKCBejiJiOBCKOM) npn6jiH>KeHHH 

V sl (l) = 0.886227^, 

T.e. HyjieBoe npnGjiHJKeHHe ^aeT oninGKy 12.8%. 
B nepBOM npn6jiH>KeHHH nojiynaeM 

V^'(l) = 1.02675&, 

3HaHHT, nepBoe npiiGjiHJKeHHe ^aeT oninGKy 1.04%. 
Bo BTOpOM npn6jiH>KeHHH 

V 2 sl (l) = 1.015194^, 

T.e. BTopoe npnGjirDKemie ^aeT oninGKy —0.098%. 
B TpeTBeM npiiGjiHJKeHHii 

Vf(l) = 1.016287&,. 
3HaHHT, TpeTbe npn6jiH>KeHHe npiiBO^HT k orrrnGKe 0.009%. 

npHBe^eHHoe cpaBHeHiie nocjie^oBTejibHbix npiiGjiHJKeHHH c tothhm pe3yjibTaTOM 
CBH^eTejibCTByeT o bbicokoh scpcpeKTHBHocTii npe,n;jiaraeMoro MeTo^a. 

5.6 IlpocpHJib ckopocth ra3a b nojiynpocTpaHCTBe h ee 3HaneHHe 

y CTeHKH 

MaccoByio ckopoctb, oTBenaiomyK) HenpepBiBHOMy cneKTpy, pa3Jio>KHM no CTeneHHM 

KOSCpCpHITJHeHTa ^H(p(py3HOCTH: 

Uc (x) = (x) + qUP (x) + q 2 UP (x) + ■ ■ ■ . (4.20) 



Vsi(q) = g v : 



V s i(q) = g v : 
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Tor^a npocpmib MaccoBofl ckopocth b nojiynpocTpaHCTBe mojkho ctpohtb no cpopMy- 

jie: 

U(x) = V sl (q)+g v x + U c (x), (4.21) 

r^e U c (x) onpe^ejiaeTca npe^bmymiiM paBeHCTBOM (4.20). 

KoscpcpHUHeHTBi pH^a (4.20) bmhucjium corjiacHO BbiBe^eHHbiM Bbinie (popMyjiaM: 

oo 

U i n) ( x )=9v^ J e lkx E n (k)dk, n = 0,l,2,.... 

— oo 

Bmhhcjihm CKopocTb ra3a Henocpe^cTBeHHO y CTeHKii: 

U(0) = V s i(q) + Uj?\0) + qU^(Q) + g 2 f/ 6 (2) (0) + • • • • (4.22) 

B cjiynae hhcto ^H(p(py3Horo oTpaJKemis: MOJiexyji ot ctchkh (q = 1) corjiacHO (4.22) 
Mbi HMeeM 

17(0) = V sl (l) + C/(°)(0) + UP(0) + [/f(0) + • • • . 
OTCio^a b HyjieBOM npn6jimKeHiiH nojiynaeM: 

U {0) = V sl (l) + f/ c (0) (0) = 0.674744^, 

b nepBOM npn6jiH>KeHHH nojiynae-M: 

U (1) (0) = V sl (l) + U^(0) + U^(0) = 0.710319ft,, 

bo btopom npn6jiH>KeHHH nojiynaeM: 

t/( 2 )(0) = Vd(l) + t/ c {0) (0) + t/ c (1) (0) + ^ c (2) (0) = 0.706802. 

CpaBHHM 3TH pe3yjIbTaTbI C TOHHbIM 3HaieHIie CKOpOCTH y CTeHKH [2] 

17(0) = -^=g v = 0.707107^. 
BBe^eM OTHOCHTejibHyio oninGKy 

f/C0) - u {n) (o) 
° n = U(0) - 100% > n = 0,1,2,..-. 

B HyjieBOM npnGjiHJKeHHH oTHocHTejibHaa oinnGxa paBHa 4.6%, b nepBOM npnGjinxce- 
hm paBHa —0.45%, bo btopom npnGjinxceHiffl paBHa: 0.044%. 

IlpocpHjiH pacnpe^ejieHHH MaccoBofl ckopocth b nojiynpocTpaHCTBe nocTpouM (cm. 
pnc. 1-3), Hcnojib3yH cpopivryjiy (4.21). 
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6 06paTHaa 3a,z];aHa KpaMepca 



B iipjiMoft 3a^aHe KpaMepca B^ajin ot cTernai 3a^aeTC5i rpa^neHT MaccoBoii ckopocth 
ra3a, a cxopocTB cKOJiBJKemiH ra3a hbjihctch hckomoh. B o6paTHofi 3a^aHe KpaMepca 
6yneM cHHTaTb, hto 3a,n;aHa cxopocTB cKOJiBJKeHiTH MaccoBoro ra3a y cTernai, a Tpe6yeTcs 
HaflTH BejiHHHHy rpa^neHTa MaccoBoii ckopocth ra3a B^ajin ot ctchkh. 

TaKHM o6pa30M, 6yn;eM Tenepb cHirraTB, hto b 3a^aHe o TenjioBOM cKOJiBJKeHiin 3a^a- 

Ha nOCTOHHHaH CKOpOCTB CKOJIBJKeHHH V s i J CTeHKH, a HeH3BeCTHOH BejIHHHHOH HBJIHeTCH 

rpa^neHT MaccoBoii ckopocth g v B^ajin ot ctchkh, KaK (pyHKirHH KoscpcpHiriieHTa A H( P" 

(py3HOCTH q. 

PerneHHe xapaKTepucTHHecKoro ypaBHeHira 

E{k)L{k) = 

oo 

= -2gV,,T 1 (A;) + 2g v (2 - q)T 2 (k) -±J J(k, k 1 )E(k 1 ) dk x 



hutcm b cjie^;yioin;eM Bime: 



9v(q) = V si - t 



W + W ig + W 2 q 2 + 



2-q 

E(k) = 2V sl q[E (k) + E 1 (k)q + E 2 (k)q 2 + 
lloflCTaBHM (5.2) h (5.3) b (5.1). IIojryHaeM, hto 



(5.1) 

(5.2) 
(5.3) 



E (k) + E^tyq + E 2 {k)q 2 + • • • L(k) 



W + W iq + W 2 q 2 + ■ 



T 2 (k)- 



-7\(A;)-| J J(fc,fci)[E (fci) + E 1 (k 1 )q + E 2 (h)q 2 + ■ ■ -jdfci. 
o 

OTCK),n;a nojiynaeM GecKOHenHyio cucTeMy ypaBHeHiiii: 

E (k)L(k) = -7\(A;) + WbT 2 (A;), 

oo 

E 1 (k)L(k) = W 1 T 2 (k) - ^ J(k, k 1 )E (k 1 ) dk x , 

o 

oo 

E 2 {k)L{k) = W 2 T 2 (k) - i y J(fc, k 1 )E 1 (k 1 ) dk u 



(5-4) 
(5.5) 

(5.6) 



1 



o 

oo 



E n (k)L(k) = W n T 2 (k) --J J(k, kjE^ih) dk u 

o 



B HyjieBOM npn6jiH>K6HHH H3 ypaBHeHHa (5.4) nojiynaeM: 

1 



E (k) 



L{k) 



-T^ + WMk) 



H3 ycjioBHH KOHeHHOCTH E (k) b Hyjie OTCio^a Haxo^HM: 



W = 5t?7 = 4= - 1.128379. 



C jie^oBaTe jibho , 



E (k) 



T 2 (0) v^F 

_-T l {k) + ^T 2 {k) 
L(k) 



e- f tdt 4 r e- f t 2 dti 
+ 



L(fc) L Vij 1 + Pt 2 7T 7 1 + k 2 t 2 



! l T :) ik) —==/,( A) 

7T 



L(fc) 



r 3 (fc) - -^n(k) 



7T 



TaKHM o6pa30M, 



J 2 (Kj V 71 " 



PaccMOTpHM nepBoe npnGjiHJKeHHe. Bo3BMeM HHTerpajiBHoe ypaBHemie (5. 

00 

E 1 (k)L(k) = W{T 2 (k) - iy J(k,k l )E Q {k l )dk 1 . 



Paccyacflaa, KaK h b HyjieBOM npn6 JiHJKeHHH , Haxo^HM: 







HJIH 



00 00 

W ± = - [ Ti(ki)E (ki)dki = - f T 1 {k 1 ) ( 0^-dk l = -0.178919. 

7T J IT J ±2\kl) 



J\a.jiee 6yn;eM Haxo^HTB npaByio nacTB paBeHCTBa (5.5). riojiynaeM, hto 



Ei{k)L{k) 



06o3HaHHM TenepB 



7T 



3/2 



^o(fci) -J(k,k 1 ) + 2V^T 1 (k 1 )T 2 (k) 



dk\. 



T{k,k l ) = 2T l {k l )T 2 {k)-J{k,k l ) 
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h Haii^eM 3Ty paHocTB. 3aMeTHM, hto 



T 2 (k) = --k 2 T 4 (k). 



(5.9) 



PaCCMOTpHM TOJK^eCTBO 

1 



k\ - k 2 



(1 + kH 2 ){l + k\t 2 ) {k 2 - k 2 ){l + k 2 t 2 ){l + kit 2 ) 

k\(\ + fc 2 t 2 ) - A; 2 (l + A; 2 t 2 ) 
~ (A; 2 -A; 2 )(l + A; 2 t 2 )(l + A; 2 t 2 ) ~ 

k\ 1 A; 2 1 



A; 2 - A; 2 1 + k\t 2 k 2 -k 2 l + k 2 t 2 ' 
IIoflCTaBjiHH 3to pa3Jio>KeHHe b BBipajKemie ,zyiH no^BiHTerpajiBHoft cpyHKi^HH b BBipa- 

JKeHHH fljia J(/c, ki), HaXOflHM: 



J(k, h) = --Jf— Tl (k) + -JfL-Tfa). 
rioflCTaBHM (5.10) h (5.9) b (5.8). riojiynaeM, hto 



T(k, h) = Ti(ki) - 2A; 2 T 1 (A; 1 )T4(A;) - 
k\ 



= T 1 (k l ) 



k\ - k 2 



+ k 2 



klnjh) k 2 Ti(k) 

h 2 — h 2 Z-2 _ U2 

Ti(k) 



2T 1 (fc 1 ) + 



k\-k 2 



k\ - k 2 

Ti{k) 



= -2A; 2 T 1 (A; 1 )T4(A;) + [^i(&) - ^(h)] . 



k\-k 2 



3aMeTHM, HTO 



oo 

T 1 (k)-T 1 (k 1 ) = (k*-k*)-j= J 



e' t2 t 3 dt 



(I + k 2 t 2 )(l + k 2 t 2 )' 



HJIH 



r^e 



T 1 (k)-T 1 (k 1 ) = (k 2 1 -k 2 )J 3 (k,k 1 ), 



■h{k,ki) = —= 



2 t 3 dt 



J (1 + k 2 t 2 )(l + k 2 t 2 )' 
o 

IIo^cTaBjiHH (5.12) b (5.11), Haxo^HM: 

T(k, h) = k 2 \j 3 (k, h) - 2T 1 (A; 1 )T 4 (A;) 



(5.10) 



(5.11) 



(5.12) 
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T(k, fci) = fc 2 ^,^), 



(5.13) 



r^e 



fir(fc,A;i) = J 3 {k,k 1 )-2T 1 (k 1 )T 4 {k). 
IIo^cTaBjiHJi (5.13) b (5.7), Hafi^eM, hto 



^i(fc) 



ttT 2 (A;) 



= I s{kM) W) dki - 

o 

IlepeH^eM ko BTopoMy npn6jiH>KeHHio. H3 ypaBHeHiia: (5.7) Haxo^HM: 

00 

J B 2 (A:) = T7 i ^^2T 2 (A;)-^ y J^kjE^dh 



(5.14) 



L(fc) 

IIo^cTaBHM (5.14) b (5.15): 
OTCio^a Haxo^HM: 



(5.15) 








J(k, k 1 )S(k 1 , k 2 ) 
T 2 (h)T 2 (k 2 ) 



ipo(k 2 )dkidki 



W 2 



7T 2 J J T^kjT^k,) 





^o(k 2 )dhdk 2 = 0.043083. 



IIocTpoHM E 2 {k). JXjih 3Toro no^cTaBHM npe^Bi^ymee paBeHCTBo b paBeHCTBo (5.15). 
riojiynaeM, hto 



E 2 {k) 



L{k) 



7i z 








2T 1 (k 1 )T 2 (k)-J(k,k 1 ) 
T 2 (h)T 2 (k 2 ) 



S(ki, k 2 )(f (k 2 )dkidk 2 



YHHTbiBaa paBeHCTBa (5.8) h (5.13), oTciofla nojiynaeM: 



E 2 {k) 



S(k, k 1 )S(k 1 , k 2 

7i 2 T 2 (k) J J T 2 (h)T 2 (k 2 ) 





-ip (k 2 )dkidk 2 . 



Ilepeii^eM k TpeTBeMy npnGjiHJKeHHio. HaxoflHM: 



E 3 (k) 



L(k) 



W 3 T 2 (k)-- / J^k^E^dh 

7T 
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OTcio^a Haxo^HM: 



oo oo oo 




W * = \\ J(0,h)E 2 (k 1 )dk l = 



Ti(k 1 )S(k 1 , k 2 )S(k 2 , k 3 



T 2 (h)T 2 (k 2 )T 3 (k 3 ) 



ipo(k 3 )dk 1 dk 2 dk 3 = -0.010556. 





^jih (pyHKijHH E 3 (k) nojiynaeM: 



E 3 {k) 



1 



oo oo oo 



ir 3 T 2 (k) 






B cjiynae n-ro npiiGjiiDKeHira nojiynaeM: 



S(k,k 1 )S(k 1 ,k 2 )S(k 2 ,k 3 



-(po(k 3 )dkidk 2 dk 3 . 
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W n = - J(0,fci)£? n _i(A;i)dA;i 



oo oo 



TT n j "j 



X 







Ti(ki) S(ki, k 2 ) ■ ■ -S(k n -i, k n ) 
T 2 (h)---T 2 (k n ) 

XLp (k n )dki ■ ■ -dk n , 

S(k,k 1 )S(k 1 ,k 2 )---S(k n - 1 ,k n ) 



oo oo 



T 2 (h)---T 2 (k n ) 



X 





Xip (k n )dk 1 ■ ■ -dk n . 

PaccMOTpiiM cjiynaii ^H(p(py3Horo oTpajKemiH MOJiexyji ot ctchkh. CpaBHiiM nojiyneH- 
Hoe peineHne c tohhmm. IIpH tohhom peineHHH V s i = 1.016192^, oTKyn;a g v = 0. 9840661^. 
Bbiine Hafi^eHo, hto 



9v = Vs 



q 



si 



2-q 



W + W ig + W 2 q 2 + 



C(q)V sl , 



me 



C{q) 



2-q 



W Q + W iq + W 2 q 2 + •••]. 



06o3HaHHM: 



CM = [ W ° + Wiq + w ^ 2 + --- + w nQ n ] • 



2-q 

B HyjieBOM npn6jiH>KeHHH Co(l) = Wq. OTHocirrejibHaH oninSKa cocTaBjineT: 

o»(i) = Cni %f (1) ■ ioo%. 
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OTciqua Oo(l) = 14.7%. B nepBOM npn6jiH>KeHHH 

Ci(l) = W + Wi = 0.949460, 
oinnGKa cocTaBjiaeT: Oi(l) = 3.5%. 

Bo BTOpOM npilGjIHJKeHHH 

C 2 (l) = W + Wi + W 2 = 0.992543, 

oniH6Ka cocTaBjiaeT 02(1) = —0.86%. 
B TpeTbeM npn6jiH>KeHHH iiMeeM; 

C 3 (l) = 0.981987, 

oinnGKa cocTaBjiaeT 3 (1) = 0.21%. 

7 3aKjiK>HeHHe 

B HacTonmeft pa6oTe pa3BHBaeTcs hobbih MeTOfl peirremiH nojiynpocTpaHCTBeHHbix rpa- 

HHHHBIX 3a^aH KHHeTHHeCKOH TeopHH C 3epKajIBHO - ^H(p(py3HBIMH rpaHHHHBIMH yCJIOBHS- 

mh. B ocHOBe MeTo^a jieacHT H^ea npo^ojiJKHTB cpyHKUHio pacnpe^ejiemra b conpajKeHHoe 
nojiynpocTpaHCTBo i<0h bkjiiohhtb b KiiHeTHiecKoe ypaBHemie rpaHHiHoe ycjioBHe b 
BH^e HjieHa Tuna HCTOiHiiKa Ha cpyHKUHio paciipeflejiemiH, OTBenaiomyio HenpepBiBHO- 
My cneKTpy. C itomoiubio npeo6pa30BaHH5i Oypbe KrmeTHHecKoe ypaBHeHHe cbo^hm k 
xapaKTepncTHHecKOMy HHTerpajiBHOMy ypaBHeHHio Ope^rojibMa BToporo po,n;a, KOTopoe 
peinaeM MeTo^oM nocjie^oBaTejibHbix npiiGjiHJKeHHH. ,U,jih SToro pa3JiaraeM b pa^bi no 
CTeneHHM KoscpcpiirriieHTa ^H(pcpy3HOCTH cxopocTb CKOjibJKeHHa ra3a, ero cpyHKiriiio pac- 
npeflejieHHH h MaccoByio CKopocTb, OTBeHarouxiie HenpepbiBHOMy cneKTpy. IIo^cTaBjniJi 
3th pa3Jio>KeHHJi b xapaKTepHCTrraecKoe ypaBHeHHe h iipHpaBHiiBas KoscpcpiirriieHTBi npn 
o^HHaKOBbix CTeneHHX KoscpcpHi^neHTa ^H(pcpy3HOCTH, nojiynaeM cneTHyio CHCTeMy 3an;en- 

JieHHblX ypaBHeHHH, H3 KOTOpblX HaXO^HM BCe KOSCpCpHHHeHTbl HCKOMblX pa3JIO>KeHHH. 

H3Jio>KeHHe MeTo^a Be^eTcn Ha npHMepe KjiaccHnecKoii 3a^anH KHHeTHnecKoii TeopHH 
- 3a^aHH KpaMepca, hjih 3a^anH 06 H30TepMHnecKOM cKOJib>KeHHH o^HoaTOMHoro ra3a b 
nojiynpocTpaHCTBe Ha,n; iijiockoh TBep^oii noBepxHocTbio. B 3a,n;aHe KpaMepca Ha rpaHH- 
n;e nojiynpocTpaHCTBa 3a,n;aeTCH ycjioBHe 3epKajibHO - ^H(pcpy3Horo OTpaaceHHH MOJiexyji 
raaa ot cTeHKH, a B^ajin ot rpaHHiiBi nojiynpocTpaHCTBa 3a,naeTCH rpa^neHT MaccoBoii 
CKopocTH. Tpe6yeTcs HaftTii Tax Ha3biBaeMyio cxopocTb cKOJibaceHKH ra3a b^ojib noBepx- 
hocth, <pyHKHHK> pacnpe^ejieHiis h pacnpe,n;ejieHHe MaccoBoii cxopocTH b nojiynpocTpaH- 
CTBe. Ckopoctb cKojiBJKeHHH — 3to (pHKTHBHaa: CKopocTb ra3a, KOTopaa nojiynaeTCH , eCJIH 
npocpHjiB acHMnTOTHHecKoro pacnpe^ejieHHH MaccoBoii cxopocTH, BBinncjieHHyio B^ajiH ot 
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cTeHKH Ha ocHOBe acHMnTOTHHecKoro pacnpe^ejieHHH HenMeHa — 3HCKora, npojioHrnpo- 
BaTb ro rpaHHHbi nojiynpocTpaHCTBa. 

ripe^jiaraeMbifl MeTOfl oGjia^aeT bbicokoh scbcbeKTHBHocTbio. Tax, cpaBHeHHe c toh- 
HbiM peineHHeM noKa3biBaeT, hto b TpeTbeM npn6jimKeHHH oninGKa He npeBocxo^HT 0.1%. 

KpoMe Toro, b pa6oTe BnepBbie paccMaTpHBaeTca o6paTHasi 3aflana KpaMepca. B 06- 
paTHofi 3a^aHe KpaMepca cKopocTb cKojibaceHHa cuHTaeTca: 3a^;aHHOH, a HeH3BecTHOH 
BejiHHHHOH aBjiaeTca BejiHHHHa rpa^neHTa MaccoBofl ckopocth ra3a Kax cbyHKHHii koscd- 

(pHHHeHTa ^H(p(py3HOCTH. 

H3Jio>KeHHbiH b paGoTe MeTOfl 6hji ycneniHo npnMeHeH |56]-|64] b penieHHH pa^a Taxnx 
cjiojkhbix 3a^aH KHHeTHHecKofi TeopHH, KOTopbie He ^onycKaioT aHajiHTHuecKoro penie- 

HH2. 
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PllC. 1: IIpCKpHJIb MaCCOBOH CKOpOCTH B IIOJiyiipOCTpaHCTBe, K03(p(pHU,HeHT flH(p(py3HOCTH 

paBeH: q = 1. 




PHC. 3: IIpOCpHJIb MaCCOBOH CKOpOCTH B nOJiynpOCTpaHCTBe, KOSCpCpHIHieHT ,Zl,H(p(py3H0CTH 

paBeH: q = 0.25. 



